ABSTRACT
INTRODUCTION
The incidence of fecal incontinence (FI) after obstetric anal sphincter injuries (OASIS) ranges from 9% to 60% 1, 2 . The recognition and early repair of OASIS play an important role in preventing symptoms. However, recent studies have reported a one to five times higher risk of a new OASIS presenting in women who sustained a third-or fourth-degree tear in their first delivery [3] [4] [5] [6] . Three-dimensional (3D) endoanal ultrasound (EAUS) has been defined as the gold standard imaging investigation for the evaluation of anal sphincter defects by the International Consultation on Incontinence, International Continence Society and International Urogynecological Association 7, 8 . Nevertheless, although commonly used by colorectal surgeons 9, 10 , it is not universally available to urogynecologists. Transperineal (TPUS) and endovaginal (EVUS) ultrasound have been evaluated for assessment of anal sphincter integrity, but their role remains controversial [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Good correlation between 3D-TPUS and two-dimensional (2D) EAUS has been reported by Oom et al. 21 and it was validated recently by Guzman Rojas et al. 22 . The objective of our study was to determine the agreement, sensitivity, specificity and predictive values of four different imaging techniques (3D-EAUS, 3D-EVUS, 2D-TPUS and 3D-TPUS) in detecting anal sphincter defects in patients with a history of OASIS.
PATIENTS AND METHODS
The primary endpoint of this study was to compare four different ultrasound (US) techniques (3D-EAUS, 3D-EVUS, 2D-TPUS and 3D-TPUS) in the evaluation of anal sphincter complex after OASIS 1 . The secondary endpoint was the analysis of the association between findings on US examination and patients' symptoms.
This was an observational study undertaken in a tertiary university hospital (Hospital Clinic de Barcelona, Spain) from September 2012 to December 2014. All consecutive patients with a history of primary repaired third-or fourth-degree OASIS 1 sustained in their first delivery were identified from a database filled out by the obstetrics team between January 2006 and August 2012. Seventy patients were selected for the study and were contacted by phone and invited to participate. Seven patients were pregnant and were excluded and eight patients declined for different reasons. All women included in the study population underwent clinical assessment. The Wexner questionnaire was completed by a clinician (N.E.), providing a FI score 23 . Four different US techniques for examining the internal (IAS) and external (EAS) anal sphincters were used for each participant, performed during the same visit by two gynecologists (E.M.-F., C.R.). Patients were in the supine position. First, 2D-TPUS ( Figure 1 ) and 3D-TPUS ( Figure 2) were carried out using a microconvex endocavity probe (type RIC5-9, Voluson-V730 Expert, GE Medical Systems, Zipf, Austria) located at the vaginal introitus. The advantages of this transducer over the traditional 7-4-MHz convex probe are a position perpendicular to the anal canal and higher frequency (up to 9 MHz instead of 7 MHz), achieving a better imaging resolution of superficial structures, such as the sphincter complex. 3D-EVUS ( Figure 3 ) and 3D-EAUS ( Figure 4 ) volumes were obtained using a 360
• mechanical rotational probe with automatic 3D acquisition (type 2052, Ultraview-800, BK Medical Herlev, Denmark), at a frequency of 13 MHz, introduced into the vagina and rectum, respectively 24 . Acquisition of the 3D volume of the anal sphincter was performed at rest. 2D examination was evaluated in real time by an expert gynecologist (E.M.-F.), whereas all 3D volumes were evaluated offline. 3D volumes were analyzed by four trained interpreters: two for 3D-TPUS (E.M.-F., J.C.) and two for 3D-EVUS and 3D-EAUS (C.R., M.M.W.).
Interobserver agreement was calculated for the three 3D modalities. In case of discrepancy, two other expert readers analyzed the volumes (G.A.S., A.P.W.). These six readers are from three specialties (gynecology, radiology and colorectal surgery) working in five different centers in three different countries. All interpreters were blinded to the patient's mode of delivery and symptom history, as well as the US findings of the other readers. Additionally, two interpreters (E.M.-F., C.R.) analyzed all volumes twice at intervals of 1-3 weeks in order to calculate intraobserver correlation.
The IAS was identified as a homogeneous hypoechoic circular band, whereas the EAS was defined as a mixed echogenic circular structure. A residual sphincter defect was defined as a discontinuity in the sonographic appearance of the IAS and EAS. The presence or absence of any tear in the EAS or IAS was recorded. The scoring system for the extent of the defect was that described by Starck et al. 10 . Considering depth, defects involving at least half, but not the whole, of the sphincter thickness were defined as 'partial' damage (Score 1), whereas those involving the whole sphincter thickness were considered as 'total' damage (Score 2). The length (< 50% of the anal canal, Score 1; > 50%, Score 2; full-length defect, Score 3) and size (≤ 90
• , Score 1;
91-180
• , Score 2; > 180 • , Score 3) of the defect were also recorded. This method was used for the assessment of EAS and IAS integrity, with a score of 0 indicating no defect and 16 indicating a maximal defect affecting both sphincters.
Statistical analysis
Statistical analysis was performed using the SPSS software package (version 14.0, SPSS Inc., Chicago, IL, USA). Correlation between Wexner and Starck scores was calculated using Spearman's rho test for the four US techniques. Correlations in findings between the three techniques compared with those on 3D-EAUS were carried out using Cohen's kappa (κ) Sensitivity, specificity and predictive values were also calculated, comparing 2D-TPUS, 3D-TPUS and 3D-EVUS with the gold standard 3D-EAUS. The Cohen's kappa coefficient index was also obtained to evaluate intra-and interobserver agreement. Results were considered statistically significant with P < 0.05 (two-sided).
Pearson's correlation was used to assess the concordance between Starck scores obtained using the different US techniques. Finally, Wilcoxon's non-parametric test was used to compare the degree of injury observed among the different techniques. The ethics committee of the Hospital Clinic de Barcelona approved the study, and written informed consent was obtained from all participants. 
RESULTS
In total, 55 women with primary repair of OASIS were included in the study. Demographic characteristics are shown in Table 1 . According to Sultan's classification 1 , 27 (49.1%) patients were diagnosed with an OASIS 3a-degree tear, 20 (36.4%) with 3b-degree tear, four (7.3%) with 3c-degree tear and four (7.3%) with fourth-degree tear.
Participants were evaluated from 3 months postpartum up to 6 years after childbirth. Twenty-one (38.2%) women had subsequent deliveries after the primary repair. Eleven (20.0%) women with symptoms of FI were referred to colorectal surgeons for further assessment. All of them had non-operative treatment, but one case required surgical re-repair of the sphincter.
The four US techniques were performed in all women included in this study. However, seven of the 55 volumes obtained by 3D-EVUS could not be analyzed due to poor quality of the upper part of the anal sphincter complex.
Twelve (21.8%) patients did not present residual defects at 3D-EAUS. Sensitivity, specificity and predictive values of 2D-TPUS, 3D-TPUS and 3D-EVUS compared with the gold standard 3D-EAUS are shown in Table 2 . Considering the transperineal modality, 2D assessment showed worse overall agreement with 3D-EAUS than did 3D assessment, particularly in the evaluation of the EAS (eight and two false negatives for 2D-TPUS and 3D-TPUS, respectively). The κ correlation improved from fair agreement (κ = 0.30) with 2D imaging to substantial agreement (κ = 0.73) with 3D technology. The correlation between findings on 3D-EVUS and 3D-EAUS, however, was poor (κ = 0.01), due to a large number of false positives and false negatives. Data are given as mean ± SD or n (%).
The findings of the four imaging techniques were compared using the Starck score to define severity of the sphincter tear. The mean Starck score was similar for all modalities (Table 3) . When assessing the individual parameters used to compute the overall score, some differences were indeed observed between techniques. The angle of EAS defect was described as narrower with 3D-EAUS than with the other three techniques. Conversely, the IAS angle was described as wider with 3D-EAUS compared with the other modalities. The same finding was observed when analyzing the depth of the defect, i.e. the endoanal technique showed the EAS defect to be more superficial and the IAS defect to be deeper compared with the other approaches (Table 3) . However, these results were not statistically significant for all techniques in all cases (Table 3) .
Good intraobserver (C.R. for 3D-EAUS volumes, κ = 0.73; E.M.-F. for 3D-TPUS volumes, κ = 0.78) and interobserver (C.R. and M.M.W. for 3D-EAUS, κ = 0.68; E.M.-F. and J.C. for 3D-TPUS, κ = 0.60) correlations were reported.
Although the primary endpoint of the study was the comparison of four US modalities in the assessment of the anal sphincter complex after repair of OASIS, we also evaluated the association between US findings (Starck score) and patients' symptoms (Wexner score). Statistically significant correlation was found for 3D-EAUS (Spearman's rho = 0.277, P = 0.04). No correlation was found between symptoms and TPUS findings (2D-TPUS, Spearman's rho = 0.152, non-significant; 3D-TPUS, Spearman's rho = 0.219, non-significant) or 3D-EVUS findings (Spearman's rho = 0.061, non-significant).
DISCUSSION
The primary endpoint of this study was to compare four different US techniques in the evaluation of the anal sphincter complex after repair of OASIS 1 . We demonstrated a fair correlation between 2D-TPUS and the gold standard 3D-EAUS for detecting residual defects, whereas 3D-TPUS showed substantial correlation with 3D-EAUS and high sensitivity. 3D-EVUS had low accuracy in the evaluation of these patients.
2D-TPUS
Good accuracy has been reported for 2D-TPUS in the assessment of the anal sphincter in asymptomatic females 2 and in women with pelvic floor dysfunction 15 . Some studies found good correlation between 2D-TPUS and 2D-EAUS 12 , whereas others have not confirmed these data 13 . No study has compared 2D-TPUS with 3D-EAUS. In our study, we found a fair correlation between 2D-TPUS and the gold standard 3D-EAUS. Considering that offline analyses of the images and videoclips were not comparable with volume measurements, in the current investigation, images were analyzed in real time by an expert (E.M.-F.) in order to achieve more accurate 2D-TPUS measurements. However, we reported eight false-negative findings in the 55 patients and a negative predictive value of 43% (Table 2 ). According to these results, 2D-TPUS cannot be considered an accurate technique for the assessment of OASIS.
3D-TPUS
3D-TPUS provides volumes that may be reviewed and discussed offline by different interpreters, enables multiplanar imaging and has more accurate measurements. Valsky et al. 18 assessed the prevalence of occult damage of the anal sphincter after vaginal delivery and described the changes in anal sphincter complex after primary repair of third-or fourth-degree tears. More than 90% of volumes were adequate for interpretation, even 48 h after childbirth. Later, Lee et al. 19 and Meriwether et al. 20 described normal sphincter anatomy in nulliparous women using this modality. Nevertheless, only one study compared this promising method with EAUS. Oom et al. 21 evaluated the anal sphincter complex in 55 patients with FI using 3D-TPUS and 2D-EAUS. They found good Cohen's κ for both EAS and IAS (0.63 and 0.78, respectively), with good sensitivity for the detection of sphincter defects. However, Christensen et al. 25 reported that 3D-EAUS improves the detection of sphincter tears compared with 2D-EAUS. Our results demonstrated a substantial correlation between 3D-TPUS and 3D-EAUS. 3D-TPUS presented a high sensitivity with a minimum number of false negatives (2/55 patients).
3D-EVUS
Ghazaleh et al. 26 reported that 3D-EVUS can reliably detect normal anal sphincter anatomy. However, they found poor agreement between 3D-EVUS and 3D-EAUS in women with sphincter lesions, with 47% of uninterpretable 3D-EVUS volumes. Our results are consistent with theirs (poor correlation for EAS: κ = 0.01). In our study, 13% of 3D-EVUS volumes could not be evaluated due to poor visualization of the upper part of the EAS. According to these results, 3D-EVUS cannot be considered an accurate technique for the assessment of OASIS.
In the present study, 21.8% of women did not present residual tears by 3D-EAUS, and most tears were identified as minor intrapartum defects (Type 3a and 3b using Sultan's classification 27 ). Our results are consistent with data in the literature [28] [29] [30] . Taking into account the criteria used by Starck et al. 10 for the classification of the sphincter tears, 3D-EAUS, 3D-TPUS and 3D-EVUS did not show significant differences in measurements of angle, length or depth of IAS defects. This is due to the clear visualization of this hypoechoic structure by all US modalities. Regarding EAS lesions, 3D-EAUS, 3D-TPUS and 3D-EVUS had significant differences in all measurements except length of the defect. An explanation for this could be that the Starck score, which was designed for use with 3D-EAUS, may not be a valid method when using different US approaches. As suggested recently by Guzman Rojas et al. 22 , a different scoring system should be used to classify anal sphincter lesions when using TPUS.
In our study, as reported previously 31 , we found a significant positive correlation between FI symptoms (Wexner score) and US findings (Starck score) on 3D-EAUS. No correlation could be demonstrated with 2D-TPUS or 3D-EVUS. A possible reason for this could be the fair and poor agreement of 2D-TPUS and 3D-EVUS with the gold standard 3D-EAUS, respectively, for the assessment of OASIS. The correlation between FI symptoms and the grade of the tear seems to decrease after time. Studies with 4-9 years of follow-up could not demonstrate clear association between FI and sphincter defects detected on US 32, 33 . Symptoms of OASIS may improve with time 32 or deterioration of the primary repair of the tear may occur 34 . Damage to the pudendal nerve and levator ani, as well as the effect of age-related neuropathy, may also contribute to FI symptoms in this group of women 35 . A limitation of the present study is the small sample size of the cohort. Further studies with larger sample size are needed to draw definitive conclusions. Another limitation is the large SD for the interval between the repair of OASIS and US assessment (mean ± SD, 1366 ± 562 days). It is important to note, however, that the need for imaging or functional studies in asymptomatic women after OASIS is still unknown 2 , and the best time to perform these studies after delivery remains controversial 30 . Although one criticism might be that a lack of surgical examination findings is a weakness of the study, such findings are likely to be biased. The reliability of 3D-EAUS, the gold standard in our research, has been proven in both surgical and cadaveric studies [36] [37] [38] [39] .
The selection of patients and interpreters is the main strength of this research. Patients with a history of primary repaired OASIS were selected for the study, rather than patients with FI. The pathophysiology of FI is multifactorial. Therefore, validation of an imaging technique should be focused on patients with a high rate of visible residual defects in a sphincter damaged intrapartum, as in our patients. Second, volumes were analyzed by six different experts from three specialties (gynecology, radiology and colorectal surgery) working in five different centers, blinded to clinical data and patient history. Good inter-and intraobserver correlations were observed. In addition, all procedures were performed at the same time in order to avoid possible bias or anatomical changes.
In conclusion, 2D-TPUS and 3D-EVUS are not accurate modalities for assessment of the anal sphincters after OASIS. 3D-TPUS shows good correlation with the gold standard 3D-EAUS and a high sensitivity for detecting residual defects and has potential as a screening tool after primary repair of OASIS.
